Abstract Type C fractures of the distal humerus are difficult to treat and typically require open anatomical reduction and internal fixation. Here we describe our experience treating patients with type C distal humerus fractures using a transolecranon approach with bilateral plate fixation. Fifty-six patients (30 males, 26 females; mean age 49.8 years) were treated over a period of six years. Thirteen fractures were open and 43 closed; all were caused by falls or traffic accidents. All operations were performed successfully with no intraoperative complications. Mean duration of follow-up was 30 months (range 6-70). Mean duration of fracture healing was 2.8 months (range 2-4). Forty-seven out of 56 patients (84%) suffered no postoperative complications. One patient exhibited symptoms of ulnar nerve injury following surgery (nine exhibited symptoms before and after surgery). Two patients had mild cubitus varus deformities, four delayed olecranon osteotomy site healing, and two heterotopic ossifications. In summary, complications were minimal and outcomes satisfactory in patients with type C distal humerus fractures who underwent bilateral plate fixation via a transolecranon approach.
Introduction
Type C distal humerus fractures are one of the most difficult fractures to treat [1, 2] . Although the incidence is very low, this type of fracture is often associated with neurovascular injuries [3, 4] . Furthermore, most manual methods of reduction are unsatisfactory for type C distal humerus fractures; hence, surgical treatment is preferred [5] . Open anatomical reduction followed by internal fixation with a reconstruction plate is the most common approach [6] [7] [8] , while closed reduction and external fixation by means of a ring fixator has recently been reported to be effective in elderly patients with osteoporotic bone [9] . Distraction reduction with external fixation can be employed during the early stage of the injury in patients with serious fracture displacement compressing neurovascular structures and in those who have severe soft tissue swelling (internal fixation can be then performed when the swelling subsides) [10] .
Type C distal humerus fractures are typically highenergy injuries. Hence, significant swelling is usually apparent in the affected limb as are fracture blisters [11] . As a result of this, surgery may have to be delayed from several days to two to three weeks until the swelling subsides. Any delay in surgical repair following injury can have a significant influence on prognosis. A second common concern with type C distal humerus fractures is difficulty in obtaining adequate surgical exposure. The surgical approach dictates whether the operation can be carried out smoothly. A third issue with type C distal humerus fractures pertains to the unique structure of the distal humerus which makes plate fixation difficult.
A number of different surgical approaches have been used to repair of type C distal humerus fractures. These include posterior using a triceps flap, triceps lateral, combined lateral and medial, and trans-olecranon [10, 12] . It is unclear which of these is optimal. Here we describe our experience over a period of six years treating patients with type C distal humerus fractures using a trans-olecranon approach and bilateral plate fixation.
Materials and methods

Patients
Between July 2000 and June 2006, 56 patients with type C distal humerus fractures were treated in our department; all underwent bilateral plate fixation. Inclusion criteria were open reduction and internal fixation of type C distal humerus fractures.
Surgical timing
All patients with open fractures underwent emergency surgery except in cases where other life threatening injuries (cerebral trauma, visceral injuries in the chest and abdomen, etc.) were apparent. In such cases, the life threatening injuries were treated first and fracture repair was performed when patients' vital signs were stable. Surgery was performed after swelling subsided in patients with closed fractures.
Surgical procedure
The patient was placed in a supine position. A pneumatic tourniquet was applied after brachial plexus block anaesthesia. The upper limb was placed in front of the chest, with the shoulder and elbow in flexion. A midline posterior elbow incision was made. The ulnar nerve was protected after being carefully dissected from the cubital tunnel. Dissection was carried out along the triceps brachii muscle bilaterally to the proximal ulna, and osteotomy was performed 2.0 cm distal to the tip of the olecranon. The proximal part of olecranon and its attached triceps tendon were retracted proximally to expose the distal humerus. After exposure of the fracture site, the intercondylar fracture was first reduced and temporarily fixed using K-wire to restore the smoothness of articular surface and convert the type C fracture to a type A fracture. The type A fracture was reduced and fixed with bilateral plates to ensure the stability of the medial and lateral columns of the distal humerus. Bilateral plates (Trauson Medical Instrument Co., Ltd, Changzhou, P.R. China) were pre-bent according to the morphology of the distal humerus. Medial and lateral plates were placed on the medial and posterolateral sides of the humerus at 90º to one another. The olecranon was then reduced and fixed by K-wire and tension band wire, and subcutaneous anterior transposition of the ulnar nerve was performed. Functional exercise was initiated 48 to 72 hours after the completion of surgery. In the case of open fractures, antibiotics (1.5 g cefuroxime) were administered twice daily for three to five days.
Clinical observation and follow-up assessment Six weeks after surgery, outpatient department follow-up took place every two to three weeks until fracture healing was apparent and thereafter every three to six months. Implanted plates, K-wires and tension band wiring were removed one to three years after fracture healing, with final follow-up taking place approximately one year later. Assessments were made to detect local tenderness and pain to vertical percussion and abnormal local movement. Anteroposterior and lateral X-rays were obtained to monitor fracture healing (the films were interpreted independently by two senior radiologists). Fracture healing was defined by the following: (1) no local tenderness or pain to vertical percussion, (2) no abnormal movement, (3) X-ray revealing continuous callus at the fracture site and no obvious fracture line, and (4) the upper limb could lift and hold a 1 kg object for one minute without deformation at the fracture site. After fracture healing, patients were followedup every 12 weeks. Postoperative complications were noted.
Results
Among the patients, 30 were male and 26 female. The mean patient age was 49.8 years, ranging from 18 to 70 years. Twenty-five fractures were on the left side and 31 were on the right side. Thirteen fractures were open and 43 closed. Among these, six were Gustilo type I fractures and seven were Gustilo type II fractures. Forty-three were closed fractures. Fracture causes included falling injury (29 cases) and traffic accidents (27 cases). According to AO/ASIF classification, all cases were classified as C type. Eight cases were associated with fractures in other parts of the body, including three distal radial fractures, two rib fractures, one fracture of the surgical neck of the humerus, one lumbar vertebral body fracture, and one clavicle fracture. Ulnar nerve injury was evident in nine patients before surgery.
The mean duration between injury and surgery was nine days, ranging from 0 to 17 days. Among the 13 patients with open fractures, only two underwent emergency surgery. In these patients, emergency debridement and fracture fixation were performed. Surgery was delayed in the remainder while other life threatening injuries were treated. The mean duration of delay in patients with open fractures was 11 days, ranging from five to 17 days. The mean duration of delay in patients with closed fractures was nine days, ranging from three to 17 days.
All operations were performed successfully with no intraoperative complications. A reconstructive plate (Trauson Medical Instrument Co., Ltd., Changzhou, China) was used in 21 cases and anatomical plate (Trauson Medical Instrument Co., Ltd.) in 35 cases (Fig. 1) . External fixation was not performed in any case. Postoperative vacuum sealed drainage was used for patients with severe skin contusions.
The mean duration of follow-up was 30 months, ranging from six to 70 months. The mean duration of fracture healing was 2.8 months, ranging from two to four months. Fortyseven out of 56 patients (84%) suffered no postoperative complication.
Eleven out of 13 patients with open fractures had other injuries. These included other fractures (four patients) and ulnar nerve injury (seven patients; indicated by numbness or sensory loss in the ring and little fingers). Only four out of 43 patients with closed fractures had other fractures, while two had ulnar nerve injuries. Thus, a total of ten patients had symptoms of ulnar nerve injury; of these, symptoms were apparent before surgery in nine. After one to five months of treatment (oral Mecobalamin, 0.5 mg, three times/day), symptoms improved in six patients. Residual symptoms of ulnar nerve injury, including mild numbness in the ring and little finger were apparent in four patients. Of these, three exhibited mild hypothenar muscle atrophy with normal finger motor function (each of these patients had symptoms of ulnar nerve injury before surgery). Two patients had mild cubitus varus deformities, four had delayed healing at the olecranon osteotomy site, and two heterotopic ossifications. Table 1 summarises individual patient postoperative complications and the demographic and injury characteristics of these patients (details are shown in this table for the nine patients [16%] who had postoperative complications only).
Discussion
The optimal timing for initiating surgical repair of type C distal humerus fractures remains controversial [14, 15] , with some surgeons advocating emergency surgery within 24 hours of injury [16] . In our experience, emergency surgery should be performed on patients with open fractures after thorough debridement. While in patients with closed fractures and severe initial local swelling, olecranon traction can be first applied and surgical fixation subsequently performed within one week after the swelling subsides. For patients with local blisters, blister extraction is necessary. Surgery should then be performed after the swelling subsides and the blister scab(s) falls off. This improves surgical safety and facilitates early post-surgery functional exercise.
Several commonly used approaches have been described for distal humerus fracture repair [2, 17, 18] . The posterior elbow approach using triceps flap involves obliquely cutting the triceps muscle to produce a flap. This approach can result in significant bleeding, muscle fibre breakdown, swelling, and fibrosis. Furthermore, a relatively long period of postoperative immobilisation is necessary, resulting in extensive adhesions and contracture between the triceps muscle and the distal humerus and surrounding peripheral tissue. Joint stiffness may be apparent and functional recovery of the joint impaired [19] . The triceps lateral approach is associated with less procedural injury and is relatively simple to perform. However, exposure of intercondylar area is relatively poor, fracture reduction can be difficult, and exploration of the ulnar nerve challenging [20] . A combined lateral and medial approach facilitates simple and extensive exposure of the operative field, does not affect the extension and flexion of the elbow, allows for simultaneous exploration and repair of the ulnar and radial nerves and is associated with less tissue injury. Exposure of the intercondylar area is relatively poor with this approach, however, and fracture reduction is difficult [21, 22] . The transolecranon approach has been used by many surgeons [5, 23] . This approach sufficiently exposes the articular surface of the distal humerus and negates the risk of triceps injury. Early post-surgical functional exercise can be instigated; however, interarticular fracture is a potential complication. The transolecranon approach was used in 56 cases of type C distal humerus fractures described herein. We found the operative field to be extensive, fracture reduction satisfactory and the implementation of early functional exercises easily possible. Within the last seven years, a two-column theory of the distal humerus anatomy has been advocated whereby the coronal plane of the distal humerus is in the shape of a triangle, with the coronoid fossa and olecranon fossa accounting for the majority of the central area, and the medial and lateral condyles forming two strong columns by proximal extension [7, 24] . Fixation of the distal humerus must not only restore the capitellum-trochlea joint, but also the integrity of the medial and lateral columns. There are several options for fixation between the condyle and humeral metaphysis. These include the use of Y-shaped plates, single plates, double K-wire, and K-wire together with tension band wiring [10, 25] . The aim is to facilitate biomechanical reconstruction of the aforementioned twocolumn structure. Bilateral plate fixation was carried out in all 56 cases in our study. In each case, fracture reduction was satisfactory, fixation strong and durable, the fracture site stable and early post-surgical functional exercise possible.
Many complications have been reported following surgical repair of distal humerus fractures. These include infection, nerve injury, joint stiffness, heterotopic ossification, and delayed union or nonunion of the ulnar olecranon [5, 26, 27] . For instance, Kundel et al. reported that the incidences of heterotopic ossification and nerve injury were 49% and 33%, respectively, following open reduction and internal fixation [26] . In our study, ten out of 56 patients were found to have symptoms of ulnar nerve injury (among these patients, nine exhibited symptoms pre-surgery). This is well below the rate reported by Kundel et al. [26] . This may be due to intraoperative protection and anterior transposition of the ulnar nerve. The incidence of heterotopic ossification in our study was also lower than that previously reported. Gofton et al. found that 13% of patients with type C distal humerus fractures exhibited postoperative heterotopic ossification [27] . The lower incidence in our study may relate to complete intraoperative haemostasis, unobstructed postoperative drainage, and early postoperative functional exercise. In contrast to findings of distal humeral nonunion from several previous reports [28] [29] [30] , no instances of fixation failure were detected in this study. Presumably this was a reflection of strong bilateral plate fixation and satisfactory fracture reduction. Delayed healing at the olecranon osteotomy site was apparent in four patients. This may have been due to the early post-operative implementation of exercises. Healing ensued in all of these patients following decreases in the level of exercise intensity.
In summary, we found that use of a trans-olecranon approach and bilateral internal plate fixation was efficacious for the treatment of type C distal humerus fractures. Complications were minimal and healing satisfactory. We advocate the use of this approach for repair of type C distal humerus fractures.
